Quantum chemistry calculations at the B3LYP theory level, together with the 6-31G
INTRODUCTION
Phenol derivatives are very important species due to their enormous impact as antioxidants, emerging in many biological and chemical reactions. Their antioxidant power comes from the easiness they produce active phenoxyl radicals, which is characterized by the strength of the cleaved O-H bond. Therefore, it is not surprising that these compounds are being studied intensively in the past few years. [1] [2] [3] [4] [5] [6] [7] [8] Aminophenols have these two types of bonds and therefore they may produce phenoxyl and anilino radicals. Very recently, the study of the electrochemical oxidation of some aminophenols showed that several interesting products are formed and that the nature of these products depends on the isomer used in the experiments. Therefore, it is not surprising that aminophenols appear in oxidizing hair dyes, or that they are used as rubber antioxidants, as photo developers or in drugs. 9 The antioxidant activity of these compounds has been studied, in terms of O-H and N-H bonds dissociation enthalpies, by experimental methods as reviewed in the literature 10 and, more recently, by density functional theory (DFT) based calculations. [11] [12] [13] Phenolic species can readily be oxidized. It is well known that due to production of the phenoxyl radical and its subsequent reaction with phenol a dimmer or trimmer derivatives. This product not prevents further electron transfer followed polymeric production.
14 Another pathway is the reaction of phenoxyl radical with hydroxyl radicals to produce ortho-and para-benzoquinone imine, * Author to whom correspondence should be addressed. and in some cases further oxidation is also observed. 15 Therefore, analogues or regioisomers show different properties, such as reactivity and stability. These different properties are related by biological activity, toxicity and chemistry applications. However, semiquinone and quinine-imine are known for the biological activity, toxicity and chemistry applications. 16 Thus, in the present work DFT calculations were performed to obtained energy (E), ionization potential (IP), bond dissociation energies (BDE), and spin-density distribution for aminophenol analogues (Scheme 1). Calculation of IP and BDE was realized with the aim to obtain a correlation between the properties to formation of semiquinone and/or quinine-imine.
COMPUTATIONAL METHODS
All the calculations were performed with the Gaussian 03 molecular package. 17 All PM3 18 geometries were fulfill optimized at B3LYP hybrid density functional theory [19] [20] [21] by using a 6-31G * basis. 22 The IP was calculated as the energy differences between a neutral molecule and the respective cation free radical (Eq. (1)). The bond dissociation energies of the phenol group or p-benzosemiquinone imine (PBSQI) formation were calculated as the energy differences between a neutral molecule and the respective semiquinone plus hydrogen radical (Eq. (2)). The bond dissociation energies of the amine group or p-benzoquinone-imine (PBQI) formation were calculated as the energy differences between a PBSQI molecule and the respective PBQI plus hydrogen radical (Eq. (3) 
RESULTS AND DISCUSSION
Properties found to have significant relation with reactivity and stability is presented in and 389.92 kcal mol −1 , respectively. Therefore, the reactivity of aminophenol derivatives by electron or hydrogen donation occurs with the decreased of HOMO, IP and BDE O-H values. The most reactive compounds calculated in this work by electron abstraction was analogue 3 followed by analogues 1 and 2. Nevertheless, the most reactive compounds by hydrogen abstraction were analogue 2 followed by analogues 3 and 2.
These results are in accordance with acetamidephenols. 3-Hydroxyacetanilide is a nonhepatotoxic regioisomer of acetaminophen or 4-hydroxyacetanilide that nonetheless does form reactive metabolites which bind to hepatic proteins. This properties is because of differences in the nature of reactive metabolites formed on the oxidation of 3-hydroxyacetanilide and 4-hydroxyacetanilide by electron or hydrogen abstraction of cytochrome P-450 may explain differences in their propensity to cause hepatotoxicity. 23 24 The HOMO, IP and BDE O-H represent the ease of electron or hydrogen donation of aminophenol analogues. Electron-donating group at the ortho-or parapositions of phenol moiety (-NH 2 ) decreased the HOMO, IP and BDE O-H resulted in more reactive compounds, while electron-donating at the meta-position increased the HOMO, IP and BDE O-H resulted in minus reactive compounds. Further, the stability of the compounds can be observed by spin densities distribution.
The calculated spin density to initial hydrogen atom abstraction at the phenolic hydroxyl group (see Fig. 1 ) shows more contribution from the O 7 phenolic oxygen for the 4-regioisomer 3s (0.38), followed of 2-regioisomer 1s (0.33), and 3-regioisomer 2s (0.03). In contrary, the more contribution from the N 8 amino for the 3-regioisomer 2s (0.35), followed of 2-regioisomer 1s (0.17), and 4-regioisomer 3s (0.15). The contribution from the others atoms is almost an order of magnitude smaller. The localization of the unpaired electron on the O 7 and N 8 positions explain the more or less reactivity and stability for the aminophenol isomers. In fact, oxygen not is good electron donator-group, while nitrogen is good electron donator-group. Therefore, the more contribution on the oxygen atom is related with more reactivity and less stability, while the more contribution on the nitrogen atom is related with less reactivity and more stability.
In addition, we have also obtained the good tendency between reactivity and stability with the respective The energy difference between analogues 1 and 3 is 12.53 kcal mol −1 , but the energy difference between analogues 1 and 2 is 25.22 kcal mol −1 . This difference is because of bond dissociation energy of N-H plus the loss of resonance energy by formation of bicycle-compound. The bicycle-compound formation is showed by first time in this work.
Therefore, 2-aminophenol is less reactivity and more stability in electron oxidation. In fact, the poly-meta-aminophenol, an electrosynthesized compound, presents anticorrosive properties on copper from aqueous phenylphosphonic acid solution. 25 Nevertheless, polyorhto-aminophenol film showed an application for nickel ion dispersion and the electrocatalytic oxidation of methanol and ethylene glycol. 26 
CONCLUSIONS
The electronic descriptor of potential relevance to the reactivity and stability were examined for aminophenol analogues using quantum mechanical calculations at the B3LYP theory level. HOMO, IP and BDE O-H are correlated with the electron or hydrogen donation. The 3-regioisomer is minus reactive compounds by electron or hydrogen abstraction. The localization of the unpaired electron on the O 7 and N 8 positions explain the more or less reactivity and stability for the aminophenol isomers. The more contribution on the oxygen atom is related with more reactivity and less stability, while the more contribution on the nitrogen atom is related with less reactivity and more stability. The reactivity of aminophenol derivatives by electron or hydrogen donation occurs with the decreased of HOMO, IP, BDE O-H , and BDE N-H values. The most reactive compounds calculated in this work was analogue 3 followed by analogues 1 and 2. The energy difference of oxidation is because of bond dissociation energy of N-H plus the loss of resonance energy by formation of bicycle-compound of 2-analogues.
